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Summary

Glycosyltransferases (GTs) are a large family of enzymes that specifically transfer sugar moieties
to a diverse range of substrates. The process of bacterial glycosylation (such as biosynthesis of
glycolipids, glycoproteins, and polysaccharides) has been studied extensively, yet the majority of
GTs involved remains poorly characterized. Besides predicting enzymatic parameters of GTs, the
resolution of three-dimensional structures of GTs can help to determine activity, donor sugar
binding, and acceptor substrate binding sites. It also facilitates amino acid sequence-based
structural modeling and biochemical characterization of their homologues. Here we describe a
general procedure to accomplish expression and purification of soluble and active recombinant
GTs. Enzymatic characterization, and crystallization of GTs, and data refinement for structural
analysis are also covered in this protocol.
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1. Introduction

Glycosyltransferases (GTs) are a large family of enzymes that catalyze the transfer of
activated sugars to a variety of acceptor molecules; they are important in all domains of life
for the biosynthesis of complex carbohydrates and glycoconjugates. Such glycosylation
reactions in bacteria are crucial for many fundamental biological processes, including
adhesion, signaling and cell wall biosynthesis (1). Most characterized bacterial
glycoproteins are virulence factors of medically important pathogens (2). As key players of
the glycosylation process, GTs are potential molecular targets in chemical biology and drug
discovery. Thus, study of GTs will provide useful information to identify new targets for
potential therapeutic and prophylactic measures.
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Primary amino acid sequences have been used to predict and classify GTs (3). Some
operationally simple bioassays have been developed to determine enzymatic activity in the
past few years (4), however many putative GTs remain uncharacterized since the number of
predicated GTs are enormous. Few structural studies have been reported for this large family
of enzymes. Only limited numbers of 3D structures from different GT families have been
documented. Among these GTs, some catalyze the synthesis of secondary metabolites (5)
and others mediate biogenesis of bacterial cell walls or polysaccharides (6, 7). Several
studies reported structures of bacterial GTs that are involved in protein glycosylation. Other
than predicting the enzymatic parameters, the resolved high-resolution 3-D structure can be
used to determine activity of GTs, donor sugar binding, and substrate binding sites and
facilitate amino acid sequence-based structure and functional analysis.

Serine-rich repeat glycoproteins (SRRPs) are a growing family of bacterial adhesins found
in many streptococci, staphylococci and other Gram-positive bacteria (2). They have been
shown to play important roles in bacterial biofilm formation and pathogenesis (8).
Glycosylation of this family of adhesins is essential for their biogenesis. A number of
glycosyltransferases has been implicated in glycosylation of Fapl, a SRRP from an oral
streptococcus, Streptococcus parasanguinis. Glycosylation of Fapl is initiated by
transferring GIcNAc residues to the Fapl polypeptide by a two enzyme complex Gtfl and
Gtf2 (9,10). A glucosyltransferase (Gtf3) catalyzes the second step of glycosylation of Fapl.
Here we use Gtf3 (8, 10) as an example to describe a general procedure to express and
purify large quantities of active recombinant GTs for protein crystallization, and structural
data refinement.

2. Materials

Prepare all solutions using ultrapure water (prepared by purifying deionized water to attain a
sensitivity of 18.6 M Q2 cm at 25 °C) and analytical grade reagents. Prepare and store all
reagents at 4 °C(unless indicated otherwise). Diligently follow all waste disposal regulations
when disposing waste materials. All the procedures for protein purification need to be
carried out at 4°C unless indicated.

2.1 Recombinant protein expression components

1. Plasmid vectors: pET28a-SUMO (8).

KOD DNA polymerase kit (EMD Chemicals, Westbury, NY, USA).
Restriction enzymes (Promega, Madison, WI, USA).

T4 DNA ligase kit (Promega).

a & w b

E. coli BL21-Gold competent cell (Invitrogen, Grand Island, NY, USA) (see Note
1).

6. LB (Luria-Bertani) broth: add 20 g of LB Broth (Fisher Scientific, Rockford, I,
USA) to 1 liter of water and autoclave for 30 min.

1BL21-Gold competent cell is not only good for pET28-SUMO vector expression in LB and also good for protein expression in the
minimal medium, which is needed for Seleno-methionine-substituted method (see Note 16).
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LB agar plates: add 20 g of LB Broth and 15 g agar to 1 L of water. Autoclave for
30 min. Allow LB agar to cool to 55 °C and then add appropriate antibiotics at
designated concentrations. Dispense the mixture into sterile Petri dishes at room
temperature. Store the plates at 4 °C after they are cooled and solidified.

Kanamycin sulfate (Fisher Scientific).
IPTG (Isopropyl p-D-1-thiogalactopyranoside) (Fisher Scientific).
SDS-PAGE: 4-20 % (wt/vol) Tris-glycine gel, 1 mm x 15 well (Invitrogen).

2.2 Protein purification components

1.

N o g k~ w DN

© o

10.
11.
12.
13.
14.
15.
16.
17.
18.

Tris-HCI (Fisher Scientific).

NaCl.

Imidazole (Fisher Scientific).

DTT (Dithiothreitol) (Fisher Scientific).

TCEP (Tris (2-carboxyethyl) phosphine) (Fisher Scientific).

Binding buffer: 20 mM Tris-HCI pH 8.0, 500 mM NaCl, and 25 mM imidazole.
Elution buffer: 20 mM Tris-HCI pH 8.0, 500 mM NaCl, and 500 mM imidazole.
Buffer A: 20 mM Tris-HCI, pH 8.0, 100 mM NacCl, 0.3 mM TCEP.

Buffer B: 20 mM Tris-HCI, pH 8.0, 1 M NaCl, 0.3 mM TCEP.

Buffer G:10 mM Tris-HCI, pH8.0, 100 mM NaCl, 0.2 mM DTT.

SUMO Protease (Life Sensors, MA, USA).

Emulsiflex C3 high-pressure homogenizer (Avestin, Gilead, CA, USA).
Misonix sonicator 3000 (Fisher scientific).

Spectra molecular porous membrane tubing (Spectrum).

AKTA purifier FPLC (GE Healthcare, Piscataway, NJ, USA).

HisTrap™ HP column (Ni affinity) (GE Healthcare).

HiTrap™ Q HP column (GE Healthcare).

HiLoad 16/600 Superdex™ 75 pg (see Note 2) (GE Healthcare).

2.3 Enzymatic assay components

1.
2.
3.

Vector to produce recombinant Fapl substrate, fapl-pGEX-6p1 (10).
Vector to modify initial Fapl glycosylation, gtf1/gtf2-pVPT (11).

Bacterial host, E. coli Top 10 (Invitrogen).

2These columns listed were used in the Gtf3 example; other proteins may need different columns based on the properties of target

proteins.
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Activated sugar donor, UDP-[3H]-glucose (Amersham Biosciences, Piscataway,
NJ, USA).
Glutathione sepharose beads (GE Healthcare).

In vitro glycosylation buffer: 50 mM HEPES, pH7.0, 10 mM MnCly, 0.01% bovine
serum albumin.

Wash buffer: 50 mM HEPES, pH7.0, 10 mM MnCly, 0.1% NP40.

NETN buffer: 20 mM Tris-HCI pH7.2, 0.1 M NaCl, 1 mM EDTA, 0.5% NP-40,
and protease inhibitor cocktail [1:20, vol/vol].

Beckman LS6500 liquid scintillation counter.

2.4 Protein crystal screening components

1.

S L e

3. Methods

Screening instrumentation, Crystal Phoenix (Art Robbins Instruments, Sunnyvale,
CA, USA).

Intelli-Plate 96-well flat-bottomed clear polypropylene plates (Hampton Research,
Aliso Viejo, CA, USA).

Protein crystallization film for 96-well plates (Hampton Research).
24-well crystallization plate (Hampton Research).

Natrix, Crystal Screen, Crystal Screen Il (Hampton Research).

Wizard I, Wizard Il, Wizard 111 (Emerald Biosystem, Bedford, MA, USA).

Pre-Crystallization Test kit (PCT) (Hampton Research).

3.1 Plasmid construction and protein expression

1.

Amplify the full-length gene gtf3 from genomic DNA of S. parasanguinis FW213
using primer set Gtf3-Hindlll-1F and Gtf3-Xhol-987R (10).

Purify the PCR product and clone it into pET28a-SUMO (8).

Transform the resulting plasmid pET-SUMO-gtf3 into E. coli BL21 Gold (DE3)
competent cells using standard transformation protocol.

Select the transformants on LB plate with kanamycin (50 pug/ml) and further verify
the transformants by PCR and sequencing analysis.

Inoculate a single colony into the 10 ml LB medium with kanamycin (50 ug/ml)
and grow the culture overnight with shaking (250 rpm) at 37 °C.

Inoculate the 10 ml overnight culture into the large flask with 1L LB medium with
kanamycin (50 pg/ml). Grow the bacteria at 37 °C with shaking at 250 rpm, to an
ODgoo of 0.7-0.8. (see Note 3)

31t will take approximately 2.5 h to reach the OD value. OD between 0.7 and 0.9 is acceptable. OD higher than 1.0 or lower than 0.6 is
not good for protein expression.
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Add IPTG to a final concentration of 0.1 mM and allow the culture grow at 18 °C
overnight to induce protein expression. (see Note 4)

3.2 Protein purification

1.

10.

Harvest bacterial cells by centrifugation (15 min at 7000 rpm 4 °C). Discard
supernatant and resuspend cell pellet in binding buffer, and lyse the cells under
high pressure, or sonicate the cells 360 rounds of 1 second pulse using automatic
sonicator with power output 40 W. (see Note 5)

Centrifuge the lysates at 16,500 rpm for 1 h and filter the supernatant with 0.45 nm
filter. (see Note 6)

Apply the filtered supernatant to HisTrap™ Column that is pre-equilibrated with 5
bed volumes of binding buffer.

After washing with binding buffer (5 bed volumes), elute proteins from the affinity
resin by elution buffer using a linear gradient.

Check the elution by SDS-PAGE and pool the fractions that contain most of the
target proteins (Fig.1). Cleave the N-terminal His-SUMO tag by incubating the
pooled fractions with SUMO Protease during overnight dialysis at 4 °C against 20
mM Tris-HCI pH 8.0, 500 mM NaCl (see Note 7).

Reapply dialyzed protein samples to HisTrap™ Column to remove SUMO
Protease, the cleaved SUMO tag and uncleaved proteins (see Note 8).

Collect flow through and apply the harvested protein to anion exchange
chromatography on a HiTrap™ Q column equilibrated with Q buffer A.

Elute protein samples with Q buffer B using a linear gradient.

Collect the fractions containing the target proteins, concentrate them and apply to
HiLoad 16/60 SuperdexTM 75 preparation grade column which is connected to an
AKTA-purifier FPLC system. Set the flow rate at 1 ml/min. Equilibrate the column
with buffer G prior to protein loading. Elute fractions using buffer G and collect the
fraction every 2 ml using a fraction collector.

Analyze protein purity by running fraction samples on SDS-PAGE (Fig.2). Pool
peak fractions and concentrate them to 30 mg/ml for crystallization screen
subsequently (see Note 9).

3.3 Protein enzymatic activity assay

The substrates, metal ions (for metal-dependent GTs) and specific sugar donors are
important elements for successful glycosyltransferase enzymatic assays.

4Cool down the culture first and then add IPTG, which will prevent the production of insoluble proteins in inclusion bodies.

It is optional to wash the pellet with PBS once before cell lysis.

Filtering the supernatant will eliminate most debris that can clog the affinity column.
TCheck the efficiency of SUMO protease by SDS-PAGE analysis and use an appropriate amount of SUMO protease accordingly.
8Step 7 & 8 are optional. Continue to step 9 if the purity of the protein from the flow through is good. And for each step, select
appropriate column based on biochemical properties of the target protein.

A Pre-Crystallization Test (PCT) kit can be used to select the appropriate protein concentration for crystallization screening.
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1. The substrate of Gtf3 is GIcNAc modified Fapl (10, 11). Purify the substrate
GIcNAc-modified Fapl using glutathione sepharose beads from E. coli Top 10 (see
Note 10). Specific sugar donor for Gtf3 is UDP-[3H]-glucose.

2. Wash 20 ug substrate Fap1l-GIcNAc bound to glutathione sepharose beads five
times with the glycosylation buffer.

3. After the last wash, discard the supernatant and suspend the beads in 200 pl
glycosylation buffer.

4. Add 2 pg of purified Gtf3 protein and 50 nM of UDP-[3H]-glucose to the
glycosylation reaction sequentially and incubate the mixture in an orbital shaker at
60 rpm for 1 h at 37°C.

5.  Wash the beads three times with wash buffer and then transfer the beads to
scintillation vials and mix with 5 ml scintillation cocktail.

6. Measure radioactivity transferred to the GIcNAc modified Fapl substrate from the
radiolabeled activated glucose (10) using a scintillation counter (see Note 11).

3.4 Crystallization and data collection

1. Set up initial crystallization screening at room temperature utilizing a Phoenix
Crystallization robot and commercially available screening kits such as Natrix,
Crystal Screen, Crystal Screen 11, Wizard I, Wizard 11, and Wizard Il by the
sitting-drop vapor-diffusion method (see Note 12).

2. Optimize the crystallization conditions that produce single crystal hits during initial
screening, by modifying the pH and the concentrations of metal ions and
precipitants (see Note 13).

3. Mount asingle crystal by first soaking for about 10 seconds in an empirically
determined cryoprotectant, and then flash freeze the crystal by plunging it into
liquid nitrogen (see Note 14).

4. Collect the data using a MAR 300 CCD detector at the Argonne National
Laboratory beam line SER-CAT ID-22 (see Note 15).

10Purify GST fusion proteins using glutathione Sepharose 4B Beads following the manufacturer's instructions. Induce E. coli carrying
vectors fapl-pGEX-6pl and gtf1/gtf2-pVPT to express GIcNAc modified recombinant Fapl and then lyse the induced cells as
described above (see section 3.2.1). Wash 400 pl of glutathione sepharose bead slurry with 1 mI NETN buffer and then mix the lysed
supernatant with washed beads and incubate at 4 °C for 3 hours. Wash the beads bound with GST fusion Fap1-GlcNAc with 10 ml
NETN buffer four times.

Optimal reaction pH, temperature, and buffer can be tested empirically to establish a better enzymatic reaction system.

Any crystallization system can be used based on availability. Crystal Phoenix from Art Robbins instruments is used for our initial
screening. There are also other screening kits from Qiagen, which can be used for screening (http://www.giagen.com/products/protein/
crystallization/default.aspx#ScreeningSuites). We usually place the screening plates at 20 °C at the very beginning but different
temperatures can be tested if there is no indication of crystal growth at 20 °C .

It is hard to keep every step identical manually during each optimization. In addition, the reservoir from the screening plates will
evaporate during the protein crystallization process that will alter the condition; therefore it is important to grow crystals at diverse
ranges of pH values or precipitant as you may not be able to obtain the crystals of the same quality at the same condition. For instance,
at the initial screening of Gtf3, one condition (0.1 M Succinic Acid pH 7.0, 15% Polyethylene glycol 3,350) gave rise to single
crystals (Fig.3). After optimization, we obtained better crystals from the condition containing 0.1 M Succinic Acid, pH 7.0, 13%
Polyethylene glycol 3,350 and 10% glycerol (Fig.4).

We usually use glycerol as cryoprotectant. The cryoprotectant used for Gtf3 was 25% of glycerol added into 0.1 M Succinic Acid,
pH 7.0, 13% Polyethylene glycol 3,350. More concentrated cryoprotectant is needed if the concentration of precipitant is low.
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3.5. Model building and structure refinement

1. Utilize Phenix software package for model building and structure refinement. Use
molecular replacement (12) to solve structures when a known homologous
structure is available.

2. Adjust the autobuilt model manually with Coot software. Then refine the structure
with Phenix. Repeat that process until the R-work reaches about 0.2 and R-free
(multiplied by 10) is the same as or lower than the resolution (see Note 16).
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Fig.1. SDS-PAGE analysis of recombinant Gtf3 protein after purification by HisTrap™ Column
and HiTrap™ Q column
6XHis tagged recombinant Gtf3 was purified on HisTrap™ Column and eluted (Lanes 1 to

5) as described in the section 3.2. Cleavage and dialysis were performed overnight at 4 °C
with SUMO protease. Following the dialysis, 6xHis-SUMO and 6xHis tagged SUMO
protease were removed from the flow through by passing through a HisTrap™ Column. The
flow through (Lane 7) was further purified using HiTrap™ Q column and eluted (Lane 8).
Protein samples were analyzed on SDS-PAGE after each step (small aliquots were used).
Lane 6, BenchMark™ Protein Ladder.
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Fig.2. SDS-PAGE analysis of final Gtf3 protein samples used for crystallization
Peak fractions (Lanes, 2-5) collected from gel filtration were examined by SDS-PAGE and

stained with Commassie Blue. Lane 1, BenchMark™ Protein Ladder
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Fig.3. Crystals obtained from the initial screening of Gtf3
Crystals appeared at one condition from Index screening kit (Hampton Research). The

condition contained 0.1 M Succinic Acid pH7.0, 15% Polyethylene glycol 3,350, and
15mg/ml Gtf3. The crystals were obtained after overnight incubation at 20 °C.
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Fig.4. Crystals obtained after optimization
Single and large crystals were obtained from the condition containing 0.1 M Succinic Acid,

pH7.0, 13% Polyethylene glycol 3,350 and 10% glycerol.
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